Needle-and plate-like NaTaO 3 have been synthesized at low temperatures (<500°C) in three steps by a molten NaOH method. First, Na 3 TaO 4 precursor was synthesized by the reaction of Ta 2 O 5 with a molten NaOH at 450°C for 50 h in air. Then, Na 3 TaO O was the major product. Then, these intermediates transformed to NaTaO 3 through dehydrate intermediates by heating at above 500°C. The obtained NaTaO 3 had needle-and plate-like morphology with a perovskite structure.
Introduction
The piezoelectric material, Pb(Zr,Ti)O 3 (PZT), has been widely used for actuator, sensor, and various other devices because it has excellent piezoelectric properties. However, PZT contains a harmful lead. Therefore, it is desired to develop lead-free piezoelectric materials. Among lead-free piezoelectric materials, alkali niobate families exhibit good piezoelectric properties. In 2004, Saito et al. reported that (Na 0.52 K 0.44 Li 0.04 )(Nb 0.84 Ta 0.10 -Sb 0.06 )O 3 (LF4) showed excellent piezoelectric properties comparable to PZT. 1) After that, several researchers developed some piezoelectric alkali niobate materials.
1)6)
Alkali niobate materials are generally synthesized by a solidstate reaction method using alkali carbonates and metal oxides as starting materials. However, this method requires high temperature (>800°C). Therefore, low temperature synthesis processes have attracted much attention. We have previously reported that KNbO 3 (KN), (K 0.5 Na 0.5 )NbO 3 (KNN), and LF4 materials could be synthesized at 500600°C through a modified solid-state reaction method using metal oxide, alkali oxalate, and urea.
5)9)
However, toxic NH 3 gas is evolved in this process. Zhu et al. reported that NaNbO 3 was synthesized from Nb 2 O 5 and NaOH aqueous solution by a hydrothermal process. 10) In the process, a high-pressure condition is required. Recently, some oxide superconductors were synthesized by a molten hydroxide route at low temperatures.
11) The molten hydroxide process does not require high temperature, high pressure, or emission of toxic gases. Recently, we reported that needle-like NaNbO 3 was synthesized by the molten NaOH method. 12) Alkali niobate perovskites substituting a part of Nb with Ta showed large piezoelectric and ferroelectric properties. 1),13), 14) Alkali tantalate perovskite materials were studied as relaxer materials. 15) However, there is no report on synthesis of NaTaO 3 (NT) by the molten hydroxide process. Moreover, the morphological control is important to fabricate high-dense or textured ceramics because the high-dense or textured ceramics show high piezoelectric property. 1) In this study, we synthesized NT by the molten NaOH route. We found that needle-and plate-like NT could be synthesized at low temperature by the molten NaOH method.
Experimental
The perovskite-type NT was synthesized in three steps: preparation of precursor, formation of intermediate, and heating of the intermediate at about 500°C. Ta 2 O 5 (99.9%) and NaOH (>98%) starting powders were weighed with a molar ratio of Ta 2 O 5 :NaOH = 1:10. Weighed Ta 2 O 5 and NaOH (m.p. = 318°C) powders were put into an Al 2 O 3 crucible and heated at 450°C for 50 h in air. After that, the obtained precursor in the crucible was washed with distilled water to remove the excess NaOH. In this process, white powder was obtained. The washed powder was filtrated and dried at 80°C for 15 min. Then, the obtained white intermediate powder was heated at 500°C for 4 h in air.
The samples were analyzed by powder X-ray diffraction (XRD; Rigaku RINT 2500 V X-ray diffractometer using Cu K ¡ radiation). The morphologies of the obtained powders were observed in a scanning electron microscope (SEM; KEYENCE VE-9800). Thermogravimetry (TG) and differential thermal analysis (DTA) of the precursor powder were performed on a TG-DTA2000SA (Bruker). The sample was put on a platinum crucible and 20%O 2 /N 2 gas was flowed at 50 ml/min. The sample was heated at a rate of 300°C/h. ¡-Al 2 O 3 was used as a reference sample. Fig. 2(b) . No impurity was observed in the XRD pattern of Na 3 TaO 4 precursor. Therefore, Na 3 TaO 4 could be synthesized in the molten NaOH process from NaOH and Ta 2 O 5 . After that, excess NaOH in the crucible was removed by washing with H 2 O. Figure 1(b) shows the SEM images of the washed sample. Needle-like particle was observed as a major material; sometimes, plate-like particle was observed. Figure 2 (c) shows the XRD pattern of the washed sample. The XRD pattern was drastically changed by washing the Na 3 TaO 4 precursor with H 2 O. The major diffraction peaks, appearing at 2ª = 10.0, 11.1, 11.5, 22.4, 27.6, and 41.0°do not correspond to those of the reported alkali tantalate compounds. However, the XRD pattern of Fig. 2(c) 2 O. In addition, the diffraction peak was observed at 8.6°in Fig. 2(c) . This diffraction peak position is close to that of Na 8 Ta 6 O 19 ·24H 2 O (JCPDS#27-1286). Therefore, the plate-like particle observed in Fig. 1(b) O at heating rate of a 5°C/min in an N 2 gas atmosphere. 13.7% weight loss was observed at 75140°C in the TG curve shown in Fig. 3 , and the corresponding endothermic peak appeared at about 107°C in the DTA curve. We thought that the weight loss resulted from the elimination of crystallization water or hydration water in Na 7 Figure 4 shows the XRD patterns of the mixture of the Na 7 Fig. 4(b) . These peaks are attributed to Na 7 (H 3 O)- 2 O sample with n = 0.
Results and discussion
10) The diffraction peak at 46.0°could not be assigned. However, this diffraction peak also derives from Na 7 (H 3 O)Ta 6 O 19 and/or Na 8 Ta 6 O 19 because the full width at half maximum (FWHM) at 39.7°is close to that at 46.2°. The XRD pattern of the sample heated at 300°C [Fig. 4(c) ] is similar to that of the sample heated at 150°C. On the other hand, the sample heated at 450°C has clear diffraction peaks at 22.6, 32.4, 39.6, 46.2, 52.2, and 57.5°[some diffraction peaks assigned to Na 7 (H 3 O)Ta 6 O 19 and/or Na 8 Ta 6 O 19 remained]. These peaks are assigned to perovskite NaTaO 3 (ICSD#28606). The XRD pattern [ Fig. 4(d) ] of the sample heating at 500°C is that of the pattern deriving from perovskite NaTaO 3 . From the TGDTA and XRD analysis, the crystal water of Na 7 3 . A single phase sample of NaTaO 3 is obtained by heating at 500°C for 3 h. Figure 5 shows the SEM images of the obtained NaTaO 3 . Needle-like NaTaO 3 was observed as a major component. Some plate-like particle could be observed as accessory component. These morphologies were similar to those of Na 7 
Conclusion
Needle-and plate-like NaTaO 3 was synthesized at 500°C by the molten NaOH method. Na 3 TaO 4 precursor was formed by the reaction of Ta 2 O 5 with molten NaOH. The Na 3 TaO 4 precursor reacted with H 2 O to form both needle-like Na 7 
